Soil erosion is the main pathway of nutrients to fresh water in highly erodible regions. In this study, a dynamic erosion-type nonpoint source (NPS) pollution model was proposed to investigate spatiotemporal characteristics of adsorbed NPS total nitrogen (TN) load before and after returning farmland. Results indicate that: 1) the erosion-type NPS TN load showed a significant decreasing trend since the implementation of a returning farmland project from 1997, where the average TN load in 2009-12 was 2719.7 t/a, which decreased by about 80.7% compared with the initial period of governance ; 2) Spatial distributions of erosion-type NPS TN load are closely related to sediment yield, the high risk values of TN load mainly occur along the main river banks of the Yanhe River watershed from northwest to southeast; 3) Before returning farmland, the adsorbed NPS TN load in the Yanhe River upstream was relatively large, while after that it had a decreasing trend in the upper reaches of the Yanhe River watershed. Dry land is still a critical source area of NPS pollution load in the loess hilly and gully region. Therefore, it is essential to strengthen water conservation measures in highly erodible regions for the amelioration of regional water environment quality.
Introduction
Soil loss has carried a lot of nutrients into natural water bodies, these materials carried by sediment and runoff are defined as erosion-type non-point source (NPS) pollution [1] . The Loess Plateau is one of the most serious soil loss regions in China and even the world [2] , with its annual sediment discharge accounting for 90% of the total sediment loadings of the Yellow River [3] , and severe soil loss leads to nitrogen and phosphorus loss of farmland [4] . Because the process of sediment yield is an important basis for the study of NPS pollution in highly erodible regions [5] . It is necessary to quantitatively study processes of erosion and sediment yield at watershed scale [6] .
The modeling approach has been frequently used to quantify sediment yield and NPS pollution load on a basin scale [7] [8] . Empirical models have been successfully applied to predict erosion and sediment yield in various regions [9] [10] . In all empirical models, the universal soil loss equation (USLE) or its revised form [11] has been widely used to predict annual soil loss resulting from sheet and rill erosion at field scale, and now it has been dominantly applied in GIS-based soil erosion assessments of different catchment areas [12] . Considering the application limitation of the USLE model in different sloping gradient conditions, Liu et al. (2001) put forward the Chinese soil loss equation (CSLE) with a simple structure that is suitable for most areas of China [13] . Through the application of the CSLE model in small watersheds in Shanxi and Beijing of China [14] [15] , the simulated results were not much different from the experimental data, so the CSLE model has a certain representative in the quantitative research aspects of soil erosion in China. In view of the fact that large amount of NPS pollutants are carried by sediment in highly erodible regions, relevant scholars have established different adsorbed NPS pollution models to simulate spatiotemporal characteristics of nitrogen and phosphorus loads [16] [17] [18] [19] [20] . However, most of these models are empirical equations that are used to predict the long-term average load -not to simulate dynamic and continuous changes [21] . This is necessary for predicting NPS pollution load by considering dynamic changes of hydrological characteristics and underlying conditions. Land use change can alter hydrological and ecological conditions [22] [23] , and it has become an important factor affecting NPS pollution load into a river [24] [25] [26] [27] [28] . The relationship between land use change and NPS pollution has been considered a focus issue in reseaching watershed management [29] . Due to severe soil loss in the Chinese Loess Plateau, the central and local governments in China have attached great attention to the ecological environmental construction in the Loess Plateau since the founding of new China (1949) . The land use change due to the Grain for Green Project between 1980 and 2005 show significant effects on sediment reduction in China [30] . The Yanhe River watershed is one of the fastest implementation areas for returning farmland to forest (grassland), and soil erosion control has entered a new stage since the implementation of the Returning Farmland Project in 1997 [31] [32] , and great changes have taken place in land use patterns in the watershed.
In this study, the Yanhe river watershed was selected as the research object to study impacts of revegetation on spatiotemporal characteristics of adsorbed NPS TN load in semi-arid regions. The dynamic model of adsorbed NPS load based on the CSLE model and GIS technology was established to estimate adsorbed NPS TN load (1995-2012) and elucidate spatiotemporal characteristics before and after returning farmland, results from which may provide scientific reference for the control of NPS pollution and the protection of river ecosystems in loess hilly and gully regions.
Material and Methods

Study Area
The Yanhe River, which originates in Baiyu Mountain of Jingbian County, is one of the main tributaries in the right shore of the Yellow River (Fig. 1a) . The Yanhe River watershed, which is located 108°38′-110°29′E and 36°21′-37°19′N (Fig. 1b) , has a watershed area of 7,725 km 2 . The watershed has criss-cross ravines and gullies, broken terrain, and low vegetation coverage, and is one of the most typical erosion-type basins in the hilly and gully loess region of the Loess Plateau. The average annual temperature is 8.8-10.2ºC, average annual precipitation is about 495.6 mm, and almost 70% of the total annual rainfall occurs from June to September. Soils in the watershed mainly consist of alluvial soil, clay soil, and Heilu soil, where the most widely seen soil is alluvial.
Data Sources
The data included in modeling adsorbed NPS TN load include digital elevation model (DEM), meteorological data, hydrological data, land use, and soil properties (Table 1 and Fig. 1c ).
Methodology
Dynamic Erosion-type NPS Pollution model
Based on sediment yield, the background content of TN in topsoil, and the enrichment ratio of TN in sediments, the dynamic model of erosion-type NPS pollution was established as follows:
…where L n,i is the adsorbed TN load in the i-th year (t/a), Q s,i is the annual sediment yield amount (t/a), C n is the background content of TN in topsoil (g kg -1 ), and η n is the enrichment ratio of TN in sediments (-).
The erosion-type NPS pollution is closely associated with the process of erosion and sediment yield. Considering that the CSLE equation reflects the multiyear average sediment yield amount, it does not express the dynamic variations of erosion and sediment yield. On the basis of dynamic estimation methods of soil erosion studied by the related scholars [33] [34] , the rainfall erosivity factor and the sediment delivery ratio factor affected by the hydrological factors were designed as the hydrological dynamic factor; biological measures, engineering measures, tillage measures, and the sediment delivery ratio factor affected by land management factors were defined as the dynamic influencing factor of human activities, so the dynamic model of sediment yield was put forward as follows:
…where A is the catchment area (hm 2 ); R is the rainfall erosivity factor (MJ·mm/hm 2 ·h·a); K is the soil erodibility factor (t·hm 2 ·h/hm 2 ·MJ·mm); L is the slope length factor; S is the slope gradient factor; B is the biological measure factor; E is the engineering measure factor; t is the tillage Impacts of hydrological factors on sediment yield are mainly manifested in the moving action of sediment from erosion occurrence to the river course by rainfall runoff. λ q,i can be estimated by the sediment transport capacity that is widely used in hillslope and fluvial geomorphology [35] . The equation of λ q,i can be expressed as: (3) …where q and q i represent the average annual runoff amount per unit width (m ), respectively; λ q represents the sediment delivery ratio impacted by hydrological factors.
Impacts of land management measures on sediment transport are mainly demonstrated in water and sediment reduction effects by all kinds of soil and water conservation measures. Under the annual changing conditions of λ m,i , B, E, and t, the dynamic influencing factor of human activities was introduced and defined as:
In order to quantitatively study impacts of land management activities on the sediment transport process, according to the previous research results of runoff and sediment characteristics in the Yanhe River watershed from 1956 to 2009 [36] , the years 1956-69 are regarded as the sporadic governance stage with little intervention of human activities, and the years after the 1970s may be defined as the governance period with the gradually increased impact of human activities. Based on the related literature [37] [38] [39] , the fitting relationship expressions of runoff and sediment from Ganguyi hydrological station were determined in 1954-69 (R 2 = 0.912) and in 1954-2010 (R 2 = 0.894), respectively, and the ratio of annual sediment during the governance period and mutliyear average sediment during the base period was defined as the dynamic influencing factor of human activities. The expression is: and n is the number of years. In summary, the dynamic model of erosion-type NPS pollution was finally determined as follows: (6) …where λ = λ q · λ m represents the average sediment delivery ratio and the average λ value is determined as 0.92 according to the existing research results in the Loess Plateau [40] [41] . B, E, and t represent the multi-year average value of the watershed.
Determining model factors
In this study, a modified daily rainfall erosivity model [42] is used to calculate spatial and temporal distributions of R factor [43] ; the K value and its spatial distribution are calculated by the modified method of soil erodibility [44] (the average K value is 0.0542); spatial distributions of the topography factor (LS) are respectively calculated by the existing formulas [45] [46] (the average LS value is 12.9); the existing research results of the biological measuring factor, the engineering measure factor, and tillage measuring factor in the Loess Plateau are used to spatially calculate the BEt factor [47] [48] [49] [50] [51] (the average BEt value is 0.0553). Based on the study results in six tributaries of the Yellow River (including the Huangfuchuan, Kuye, Wuding, Weihe, Jinghe, and Luohe rivers [52, 53] , the enrichment ratio of TN was assigned to 0.671, and the soil TN background contents are from the national survey data of soil nutrients.
Results and Discussion
Validation of the Established Model
Firstly, the observed values of sediment yield in Ganguyi Hydrological Station (Fig. 1c) and the simulated values in the Yanhe River watershed from 1995 to 2012 both showed a decreasing trend, although there were slight fluctuations in individual years (Fig. 2) . The observed value of the annual average sediment yield modulus from 1995 to 2012 is 3,411.53 t/(km 2 .a) in Ganguyi hydrological station, and the simulated value in the Yanhe River watershed is 2,915.36 t/ (km 2 .a) from 1995 to 2012 (the relative error is 14.5%; Fig. 2 ). So the overall changing trends of sediment yield in the study area are consistent with the background of returning farmland. Secondly, the observed data of sediment yield in Zaoyuan and Ansai hydrological stations were also used to verify the dynamic model from 2006 to 2012, and they also have good agreement with the simulated results. However, the abnormal high sediment yield amounts before and after returning farmland in 1996 and 2002 were mainly due to the agricultural engineering measures and rainstorm intensity. Specifically, the returning farmland measures had not yet formally been implemented in 1996, and the intensity of the rainstorm was also large; in contrast, although the returning farmland measures have partly been put into effect in 2002, the rainstorm affects are also not allowing it to be ignored this year. Thirdly, considering the similarity of the underlying surface and soil nutrients between the Yanhe River watershed and the Zhifanggou watershed in the loess hilly and gully region (Fig. 1c) , the research results of annual average TN loss rules in the Zhifanggou watershed [54] were used to verify the TN simulated results. The annual average TN loss modulus in the Zhifanggou watershed is between 0.81-1.98 t/km 2 , the average value is 1.32 t/km 2 , the simulated value of multiyear TN load modulus in the Yanhe River watershed is 1.11 t/km 2 , and the relative error is 15.91%. The above comparative analysis indicates that the established model has strong practical application value and can be used to predict dynamic changes of erosion-type NPS pollution load in the loess hilly-gully region.
Temporal Variations of Adsorbed TN Load Fig. 3 shows that the changing trends of adsorbed NPS TN load basically coincide with the sediment yield load. The NPS TN load in the study area has an overall decreasing trend from 1995 to 2012, the reason for the decreasing trend could be mainly attributed to the extensive implementation of water conservation measures. Since the late 1990s, a lot of targeted returning farmland projects have been implemented in the Yanhe River watershed. In the early stage of water conservation projects, the soil erosion levels in the Yanhe River watershed were not improved effectively, and NPS pollution was relatively serious. With the continuous increasing of implementation intensity, the sediment yield capacity of the Yanhe River watershed has been decreasing year by year and the overall reduction benefits of sediment were remarkable. Therefore, although the NPS TN load values were relatively large in individual years, they showed an overall downward trend. The average TN load in the most recent four years (2009-12) were 2719.7 t/a, which decreased by about 80.7% compared with the initial period of the Returning Farmland Project (1995-98). Results fully demonstrate that the effective implementation of soil and water conservation measures in recent decades has significant benefits on water and sediment reduction, which plays a more important role on the control of NPS pollution load. distribution of TN loss modulus in 1995 and 2010 is mainly based on soil erosion and closely depends on the distribution pattern of sediment yield in the corresponding years. Therefore, it has important practical significance to cut down NPS pollution load and to improve regional water quality by strengthening the relationship mechanism research between nutrient loss and the construction of soil and water conservation projects.
Spatial Distributions of Adsorbed TN Load
Spatiotemporal Changes of Adsorbed TN Load in Different Land Use Types
Figs 5 and 6 show spatiotemporal changes of the adsorbed TN load contribution ratio for each load level in different land use types of the Yanhe River watershed in 1995 and 2010. It can be seen that dry land, and low and middle coverage grassland are three main land use types of the watershed that account for 43.35%, 28.09%, and 17.27% in 1995, and 40.12%, 21.15%, and 23.38% in 2010, respectively. Also, dry land, and low and middle coverage grassland are three main critical source areas of adsorbed TN load from 1995 to 2010, with spatial distribution patterns of land use types being the main reasons for spatiotemporal variations of adsorbed TN load. As far as each TN load level is concerned, before returning farmland in 1995, the large contribution ratios of TN load are mainly from dry land, middle-coverage grassland, low-coverage grassland, and shrub land. The middle level of TN load in dry land accounts for 73.798% of the total load, the mild level of TN load in dry land accounts for 31.724% of the total load, and the micro level of TN load in middle coverage grassland is about 33.714% of the load. With the increase of TN load level in 1995, the contribution ratio of dry land gradually occupies the leading position, and the contribution ratio also changes from 14.962% to 90.391%.
After returning farmland in 2010, it can be seen from Fig. 6 that percentages of TN load contribution rate for each load level have similar trends with 1995. Although the contribution ratio of dry land also gradually holds the leading position, the corresponding contribution ratio decreased from 90.391% to 88.962%. The TN load contribution rates for each load level in dry land all present a decreasing trend. However, the TN load contribution rates in middle coverage grassland all show an increasing trend due to land use changes from 1995 to 2010, and the TN load contribution rate for a high load level of low coverage grassland increases from 6.206% to 7.738%.
The above results indicate that changes of TN load contribution ratio before and after returning farmland are not only related to land use changes, but also closely related to the rainfall conditions in different hydrological years. Dry land is the critical source area of NPS pollution load in the loess hilly and gully region, and the following is the middle and low coverage grassland, so reasonable agricultural conservation practices for sloping farmland are very important for the effective control of NPS pollution in the loess hilly and gully region.
Control Strategies of Adsorbed NPS Pollution
The phenomena of soil erosion and NPS pollution are inseparable in nature. Soil erosion is the major occurrence form, especially in the loess hilly and gully region in China [55] . So the sediment resulting from soil erosion is not only a kind of important NPS pollution, but also the nutrients and pollutants (organic matter, heavy metal, ammonium ion, and other toxic substances) carried by sediment may bring adverse effects on water quality of receiving waters. Soil erosion and NPS pollution are generally a combined result of many influencing factors, including climate, topography, land use types, and soil conditions [56] . China's water conservation measures (biological measures: afforestation, growing grass, etc.; engineering measures: terrace, warp land dam, and fishscale pits, etc.; tillage measures: contour tillage, rotation, intercropping, etc.) have been implemented for many years and this project has achieved great success in the comprehensive management of the loess hilly region, they have accumulated rich experiences on prevention and control of soil loss and formed a more complete system of soil loss control measures [57] [58] . Because of the significant correlation between soil erosion and NPS pollution, these water conservation measures also play constructive effects on the control of NPS pollution [59] . Based on the above analysis, some measures for the management of NPS pollution can be summarized into these points: nutrient management, conservation tillage, contour farming, terrace, returning farmland to forest or grassland, contour buffer strips, and riparian forest buffer, etc. Therefore, the implementation of water conservation measures is of great significance for the control of erosion-type NPS pollution and improving the ecological environment. 
